Abstract. All-terrain vehicle is famously used for various purposes such as in civilian and military. The use of finite element analysis in a preliminary design stage has been demonstrated to be cost and time effective. In this paper, the finite element analysis of a brake disc for All-Terrain-Vehicle (ATV) is demonstrated. Eulerian-Lagrangian method was employed in this work where simple annular ring was used as the disc model. This study is limited to thermal and contact analysis between the disc and brake pad. The results in term of temperature and stresses distribution is obtained and presented. Moreover, the lateral displacement of the disc due to the friction contact is also shown. These results are then used to as a technical guideline in designing brake system for a fully customized ATV
Introduction
All -terrain vehicles (ATV) have been widely used either by civilian or military [1] . In some cases, ATV is even used in agriculture field [2] . This type of vehicle is designed to operate in difficult and complex terrains [3, 4] . Generally, ATV is consists of three main parts. These parts are structure or better known as chassis, drive train and suspension [5] . Finite element analysis is one of the essential design tools available for the use of engineers and scientists. Many engineering feasibilities studies are performed using FEA software available in the market like ANSYS and ABAQUS [6] [7] [8] [9] [10] .
Numerous studies has been conducted in the field of FEA of particularly on automotive braking system. Hassan et al. [11] has successfully demonstrated the fundamental parameters involved in brake squeal phenomenon by using finite element analysis. They managed to develop a fully coupled thermo-mechanical model to study the disc brake squeal phenomena.
This present study is a part of a main project of which an ATV will be designed and fabricated by engineering students in the university. The purpose of the ATV development is to expose the students with hands-on engineering know-how knowledge. The objective of performing the FEA on the brake disc is to obtain meaningful results that can be used as the guidelines in designing a whole set of brake system for the use of the ATV. ABAQUS software is used as the main tools in this analysis [12] . The brake disc is modeled as a simple annular ring, which in contact with a brake pad.
The pad has a 60-degree of arc shape that representing the real dimensions most of automotive brake pad available in the market. This study is however limited to thermal and stress analysis. The results in terms of temperature and stress distribution with respect of the braking period is presented and discussed.
Methodology
Two-dimensional (2-D) model was first developed. Then, the model was extruded to a three dimensional (3-D) model. An annular ring and the brake pad arc model are shown in Fig. 1 representing the brake disc. Two nodes are chosen as the data reference point.
Fig. 1 Annular ring and brake pad model
The inner radius of the annular geometry is 68 mm while the outer radius is 115 mm. The thickness is set to be 10 mm. This geometry is the actual dimension of the designed ATV brake system. On the other hand, the brake pad arc is set to be 60 degree while the thickness is 11 mm. Meanwhile, the material properties used in the simulation are shown in Table I . A sequentially coupled thermal-mechanical analysis was performed on the annular ring model using Eulerian approach. In the thermal-mechanical analysis, a forced convection or diffusion heat transfer is applied and followed by a steady-state transport analysis. 
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Results and Discussion
Three types of results that are distribution of temperature and stress, and also the lateral displacement of the annular ring are presented in this section. Those results are plotted againts the braking period (in seconds). The constant parameters are the applied pressure (P= 2 MPa), and coefficient of friction (µ = 0.3). Figure 2(a) shows the temperature distribution on the annular ring surface with respect to the braking period while Fig. (3a) demonstrates the stress distribution on the surface of the disc. Fig. 2 Temperature and stress distribution with respect to the braking period Figure 2 (a) suggests that the surface temperature fluctuates over the braking time. As the disc rotates, the temperature increases when the indicated nodes area is in contact with the brake pad. On the other hand, the temperature decreases as soon as the brake disc is out of contact with the brake pad in that particular sectional area. As shown in the figure, the overall average temperature increases after the braking period is over. Figure 2(b) indicates that the pattern of the normal stress distribution is similar with the temperature distribution. The stress becomes maximum at the hottest area due to surface contact between the disc and pad. The other outcome results that are critical in designing the brake system for the ATV are the lateral distortion with respect to the angular rotation. These values are presented in Fig. 3 below. The maximum displacement of the brake disc due to the distortion is predicted to be 0.000450 mm. 
Conclusions
In this paper, Finite Element Analysis (FEA) of the brake disc used in the ATV is successfully demonstrated. The Eulerian-Lagrangian approach was employed in the analysis. The effects of the brake disc when it is in contact with the brake pad was simulated and presented in the results. In the results, the highest temperature recorded on the surface of the brake disc during the braking period is 98° C while the highest stress obtained is 45 MPa. On the other hand, the maximum displacement occurs at middle ring of the disc model. All these values will be used as guidelines in designing a customize ATV for educational purpose
